1 



SEPARATING CYCLONE AND METHOD FOR SEPARATING A MIXTURE 

The present invention relates to a separating 
cyclone for at least partially separating a mixture of 
fluids of different density into a light fraction with a 
relatively low density and a heavy fraction with a 
relatively high density. The invention also relates to a 
flow body for such a separating .cyclone and to a method 
for at least partially separating said mixture. 

Known for the purpose of separating mixtures of 
mutually insoluble liquids, such as oil and water, are 
separating cyclones wherein use is made of the 
difference in density between water and oil to bring 
about the separation. The mixture for separating is set 
into rotation in a tube, whereby under the influence of 
the occurring centrifugal forces the relatively heavy 
water is flung against the wall of the tube and the 
relatively light oil moves to the centre of the tube. 
The oil and the water are hereby separated from each 
other spatially, which provides the option of 
discharging the oil and the water separately. 

Such a separating cyclone is described in the 
international publication WO 89/04726. Herein a mixture 
of oil and water is fed axially into the cyclone and set 
into rotation using a number of swirl blades arranged on 
a flow body. Downstream of the blades the diameter of 
the cyclone decreases in order to increase the rotation 
as a result of angular momentum being sustained. In the 
cyclone a mixture part with a relatively large amount of 
light oil accumulates in a core in the centre of the 
cyclone, and this core is removed via an overflow outlet 
and a channel through the flow body in a direction 
opposite the direction of flow of the supplied mixture. 
The mixture part with a relatively large amount of the 
heavy water follows a path through the cyclone and is 
discharged further along via an underflow outlet. 
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A quite reasonable separating efficiency can be 
achieved with the known separating cyclones. The 
separating efficiency is however limited in that a part 
of the mixture flowing along the flow body and set into 
rotation detaches from the surface of the flow body. 

It is an object of the present invention to being 
about a separation of the mixture where the above stated 
drawback is wholly or at least partially obviated. It is 
a further object of the invention to provide a 
separating cyclone with improved properties. This is 
understood to mean a cyclone with a higher separating 
efficiency at a given composition and pressure of the 
mixture for admitting and/or, at a given pressure drop, 
a higher throughput with a substantially constant 
separating efficiency. This can also be understood to 
mean that at a determined throughput the pressure drop 
over the cyclone is lower. 

According to a first aspect of the present 
invention there is provided for this purpose a 
separating cyclone for at least partially separating a 
mixture of fluids of different density into a light 
fraction with a relatively low density and a heavy 
fraction with a relatively high density, comprising: 

- an outer casing which defines a flow space 
through which the mixture is to flow; 

- inlet means connected distally to the outer 
casing for admitting the mixture for separating into the 
flow space, 

- a flow body disposed in the flow space wherein 
the mixture can be guided between the flow body and 
outer casing and wherein the distal part of the flow 
body has a decreasing diameter; 

- rotating means for setting into rotation the 
mixture for separating; 

- first outlet means connected proximally to the 
outer casing for discharging the heavy fraction from the 
flow space; 
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- second outlet means disposed in the flow space 
for discharging the light fraction from the flow space, 
wherein one or more bypass channels are provided in said 
distal part of the flow body, via which channels a part 
of the mixture flowing along the flow body can be 
guided. 

According to a preferred embodiment, a bypass 
channel extends from a position (xl) , at which the flow 
body has a relatively large diameter, to a position (x2) 
at which the flow body has a relatively small diameter. 

According to a further preferred embodiment, the 
cyclone comprises a bypass channel which, in cross- 
section through the flow body, is practically annular. 
This means that the bypass flow leaves the bypass 
channel distributed uniformly over the periphery of the 
flow body. 

According to a further preferred embodiment, a 
bypass channel is embodied coaxially with the flow body, 
so that the mixture enters the bypass channel in 
uniformly distributed manner. 

At the position of the distal part of the flow 
body, the tangential speed of the mixture increases 
because the angular momentum is sustained. Too low an 
axial speed can result in an uncontrollable separation 
of the flow on the inner surface of the outer casing. 
Too high an axial speed can prevent a so-called "vortex- 
breakdown", which is necessary for the separating 
process. It has been found that when the distal part of 
the flow body has a conical form, a relatively high 
separating efficiency can be achieved. 

A further preferred embodiment relates to a 
tangential separating cyclone. In a tangential 
separating cyclone the inlet means comprise an inlet 
part extending tangentially relative to the flow space 
and debouching in the flow space. The mixture is thus 
supplied tangentially. The inner side of the outer 
casing is then preferably formed such that it sets the 
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admitted mixture into rotation. When the outer casing 
takes the form of an axially extending surface of 
revolution, such as when the outer casing is for 
instance of cylindrical form, the inner side of the 
outer casing ensures that the mixture is set into 
rotation. 

Another preferred embodiment relates to an axial 
separating cyclone. In an axial separating cyclone the 
inlet means comprise an inlet part extending axially 
relative to the outer casing and debouching in the flow 
space. In such an axial cyclone it is possible to 
substantially reduce the pressure drop for a given flow 
rate . 

In an axial cyclone the mixture is preferably set 
into rotation by rotating means positioned between the 
flow body and the outer casing. In a further preferred 
embodiment the rotating -means are formed by one or more 
swirl blades which are placed in stationary manner 
between the outer casing and the flow body and which 
have a curvature such that they impart a correct degree 
of rotation to a mixture flowing therealong. 

In order to bring about a further increase in the 
tangential speed of the mixture, the outer casing has in 
a further preferred embodiment a decreasing diameter at 
the position of the distal part of the flow body. The 
diameter of the flow body is herein adapted to that of 
the outer casing, this such that a substantially 
constant flow surface is created for the fluid when this 
fluid flows through this part of the cyclone. The 
pressure drop is hereby reduced. 

The first outlet means preferably comprise a 
discharge pipe extending coaxially with the flow space, 
so that the heavy phase can be discharged with a minimum 
pressure drop. 

The second outlet means preferably comprise a 
discharge channel extending through the flow body, the 
inlet opening of which channel is positioned at the 
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distal end of the flow body. This provides an efficient 
discharge of the light fraction. 

According to another aspect of the invention, a 
flow body is provided for - application in the above 
described separating cyclone. 

According to another aspect of the invention, there 
is provided a method for at least partially separating a 
mixture of fluids of different density into a light 
fraction with a relatively low density and a heavy 
fraction with a relatively high density, comprising of: 

- feeding the mixture for separating into a flow 
space defined by an outer casing; 

- setting the admitted mixture into rotation; 

- guiding the mixture, once set into rotation, 
along a flow body disposed in the flow space; 

- discharging the heavy fraction via a first outlet 
means connected proximally to the outer casing; 

- discharging the light fraction from the flow 
space via second outlet means disposed in the flow 
space; 

- guiding a part of the mixture flowing along the 
flow body through one or more bypass channels arranged 
in the flow body. 

Further advantages, features and details of the 
present invention are elucidated on the basis of the 
description of a number of preferred embodiments 
thereof. Reference is made in the description to the 
following figures . 

Figure 1 shows a partly cut-away perspective view 
of an axial separating cyclone according to a first 
preferred embodiment of the inventions- 
Figure 2 shows a longitudinal section of the 
embodiment depicted in figure 1; 

Figure 3 shows a more detailed longitudinal section 
at the position of section C of the flow body according 
to figure 2; 
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Figure 4 shows a longitudinal section of a second 
preferred embodiment of an axial separating cyclone 
according to the invention; 

Figure 5 shows a partly cut-away perspective view 
of a preferred embodiment of a tangential cyclone 
according to the invention; 

Figure 6 shows the tangential speed of the mixture 
at the position of section C when a conventional flow 
body is applied; and 

Figure 7 shows the tangential speed of the mixture 
at the position of section C when a flow body according 
to the preferred embodiment of figure 1 is applied. 

Referring to figures 1-3, a first preferred 
embodiment of a cyclone separator is shown. A mixture is 
supplied of two or more liquids of different density. A 
relatively heavy liquid (also referred to hereinbelow as 
the heavy fraction) , such as water, is mixed with a 
relatively light liquid, such as oil. It is however 
equally possible to separate a mixture of gases or a 
gas/liquid mixture. 

Separating cyclone 1 has for its object to separate 
the supplied mixture into a part containing 
substantially the heavy liquid (also referred to 
hereinbelow as the heavy fraction) , and a part 
containing substantially the light liquid (also referred 
to as the light fraction) . Separating cyclone 1 is 
constructed from a cylindrical outer casing, inside 
which a flow space is defined. The outer casing 
comprises an initial pipe 2 which has a substantially 
constant diameter, a middle pipe 3, the diameter of 
which decreases in axial direction, and a cylindrical 
end pipe 4 . 

A flow body is arranged in the space enclosed by 
initial pipe 2. In the shown embodiment the flow body 
takes an axially symmetrical form. This is not essential 
however. Swirl elements 6 are arranged between flow body 
5 and the inside of initial pipe 2. Swirl elements 6 
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have the function of setting into rotation the mixture 
flowing .therealong . 

Swirl elements 6 are fixed to the outside of flow 
body 5 and/or on the inside of initial pipe 2. At the 
distal end of flow body 5 there is provided an entrance 
opening 9 which provides access to a discharge channel 7 
extending through the interior of the flow body. 
Discharge channel 7 is connected to a further discharge 
channel 8. Discharge channel 8 extends through the 
casing of initial pipe 2. Discharge channels 7 and 8 
have the function of discharging the separated light 
fraction. 

During use a mixture of a light and heavy fraction 
enters the separating cyclone 1 (arrow Pi) and is then 
guided along the proximal part (section A) of flow body 

5 (arrow P 2 ) . Section A of the flow body is formed such 
that the incoming flow is guided to a subsequent section 
(section B) uniformly and with substantially homogeneous 
acceleration . 

Section B contains swirl elements 6 which have the 
function of setting into rotation the mixture flowing 
therealong and thus imparting a tangential component of 
velocity to the mixture. For this purpose swirl elements 

6 comprise a number of swirl blades which are formed 
such that the mixture attains maximum tangential speed 
without the mixture herein releasing from the surface of 
the blades themselves. 

After the supplied mixture has also obtained, in 
addition to an axial speed, a tangential component of 
velocity in section B, the mixture comes to lie in a 
further section C (arrow P 4 ) . In the shown' embodiment 
flow body 5 is formed such that the diameter of flow 
body 5 decreases in axial direction to the distal end of 
the cyclone. In the shown embodiment the distal part of 
the flow body has a conical form. It has been found that 
this form is particularly suitable for enabling a good 
separation of the fractions to be made. In the shown 
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embodiment the diameter of the inner wall of middle pipe 

3 also decreases. 

In section 3 the diameter of the cyclone therefore 
decreases with the purpose of increasing the rotation of 
the mixture through sustaining of the angular momentum. 
In other words, the tangential speed of the mixture 
increases further in this section. 

As a result of the relatively high tangential 
speeds of the mixture, the relatively heavy part of the 
mixture will be flung outward as a result of centrifugal 
forces and be flung substantially to a region close to 
the inner side of pipe 3, while the relatively light 
part of the mixture will remain close to the core of 
pipe 3. 

The heavy fraction is then discharged via end pipe 

4 in the direction of arrow P 5 , while the relatively 
light fraction can be forced into discharge pipe 7 via 
entrance opening 9 (arrow P 6 ) and can then be discharged 
via discharge pipe 8 (arrow P 8 ) . 

For the further operation of such a per se known 
axial separating cyclone reference is made to the 
international patent publication WO 89/04726. An axial 
separating cyclone of the above described type is set 
forth therein. 

It has however been found in practice that in such 
axial separating cyclones of the conventional type there 
is such a flow profile generated that relatively low 
speeds and high pressure can occur in a determined 
region (region S in figure 6) at the position of section 
C. The cause of this is the specific geometry of the 
cyclone (increase/decrease of flow surface) in 
combination with a rotating flow. The danger of such 
local relatively low speeds and relatively high 
pressures is that so-called boundary-layer separation 
can occur. This means that the as yet smooth flow 
profile at the wall is seriously disrupted, whereby even 
return flow can occur. The rotating flow which is 

{00644035.1} 



9 



responsible for the separation at the position of the 
release is hereby destroyed. 

This means that the separating action in a 
conventional cyclone takes place mainly on the outside 
of the cyclone, which has a negative influence on the 
separating action of the cyclone. 

More insight into this effect is given in figure 6, 
in which the tangential speed of a mixture flowing along 
section C of a flow body 5 is shown as a function of the 
axial distance x. It can be clearly seen that in the 
region designated S the tangential speed greatly 
decreases, which indicates that in this region the flow 
as it were releases from the surface of the flow body. 
As set forth above, this has a negative effect on the 
separating efficiency of the cyclone. 

In order to increase the separating efficiency, 
flow body 5 is embodied in the shown embodiment such 
that a bypass channel 10 is arranged at the position of 
section C. A small part of the mixture flowing along the 
outer surface of flow body 5 flows in this case into the 
channel 10 at a first position xi (arrow (P 7 ) and leaves 
channel 10 at a further position x 2 (arrow P 7 ? ) . The 
position X2 is herein chosen such that it is situated in 
axial direction close to the above stated region S. For 
an optimal effect the position x 2 is positioned in axial 
direction beyond the region S. The mixture flowing 
through bypass channel 10 then functions as a 
"slipstream" which prevents the above stated separation 
of the flow along the outer surface of the flow body 
from taking place. This is further explained in figure 
7, in which the tangential speeds are shown as function 
of the axial distance when a flow body according to the 
invention is applied. 

As a result of the flow through the bypass channel, 
the local speed of the mixture will be higher at the 
position of x 2 than in the conventional case. As a result 
hereof the local pressure is lower, which helps to 
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prevent boundary layer separation. The effect hereof is 
that a more effective separation takes place over the 
whole cross-section of the cyclone. 

This is shown clearly in figure 7. The tangential 
speeds are distributed more uniformly over the region 
between the inner side of pipe 3 and the outer side of 
flow body 5. This means that the mixture flowing along 
the outer side of flow body 5 is not likely to, or at 
least is less likely to detach from this outer surface. 
This in turn results once again in a greater separating 
efficiency. 

In the embodiment shown in figures 1-3 the bypass 
channel has a substantially annular form in cross- 
section, wherein the diameter of the ring decreases 
axially in the direction of end pipe 4. This form is 
recommended since it causes a uniformly distributed 
slipstream. Other embodiments of the bypass channel can 
however also be envisaged. It is thus possible for 
instance to provide two or more bypass channels or to 
select the starting position xi of the channel further 
upstream, for instance at the position of section B or 
further . 

Figure 4 shows a second preferred embodiment of 
separating cyclone 1. The construction of this cyclone 
largely corresponds with that of the cyclone shown in 
figures 1-3. Corresponding components thereof are 
therefore designated with the same reference numerals. 
In this embodiment the conical pipe part 3 is replaced 
by a substantially cylindrical pipe 13. It is also 
possible to manufacture pipes 2 and 13 integrally. 
Although in the embodiment of figures 1-3 the pipe part 
13 decreases in diameter at the position of section C, 
whereby the tangential speed of the mixture flowing 
there is increased, a reasonably good separation can 
also be obtained in the present embodiment where the 
diameter of pipe 13 remains constant. The advantage of 
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the present invention is that it is simpler to 
manufacture . 

Figure 5 shows a further preferred embodiment of a 
separating cyclone in which the mixture for separating 
is supplied not in axial direction but in tangential 
direction. For this purpose the cyclone is provided with 
a tangential inlet 14, via which the mixture enters the 
cyclone (arrow P'i). The mixture is set into a rotating 
movement by the curved form of the inner surface of 
initial pipe 2. In this embodiment the above stated 
rotating means between pipe 2 and flow body 5 can 
therefore be omitted. The embodiment of this tangential 
inlet cyclone otherwise corresponds with that of one of 
the above stated embodiments. 

In figure 5 pipe 3 takes a conical form at the 
position of section C, analogously to the embodiment 
shown in figures 1-3. An embodiment with a straight pipe 
13, this in accordance with the embodiment of figure 4, 
can however also be envisaged. 

The present invention is not limited to the above 
described preferred embodiments thereof. The rights 
sought are defined by the following claims, within the 
scope of which many modifications can be envisaged. 
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